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(57) ABSTRACT

In a method for manufacturing a semiconductor, a Through
Silicon Via (TSV) template wafer and production wafers
form a sandwich structure, in which the TSV template wafer
has TSV structures uniformly distributed therein, for provid-
ing electrical connection between the production wafers to
form 3D interconnection. The TSV template wafer is
obtained by thinning a semiconductor wafer, which facilitates
reducing the difficulty in etching and filling. Connection parts
are provided on the TSV template wafer, for convenience of
interconnection between the overlying and underlying pro-
duction wafers, which facilitates reducing the difficulty in
alignment and improving the convenience of design of elec-
trical connection for 3D devices.

9 Claims, 3 Drawing Sheets
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METHOD FOR MANUFACTURING
SEMICONDUCTOR DEVICE

CROSS REFERENCE TO RELATED
APPLICATION(S)

This application claims benefit from Chinese Application
No. 201410748850.X, filed with SIPO, China on Dec. 9,
2014, entirety of which is incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to manufacture of semicon-
ductor devices, and particularly, to a method for manufactur-
ing a three-dimensional (3D) device formed using a Through
Silicon Via (TSV) template wafer.

BACKGROUND

Feature sizes of integrated circuits are increasingly scaled
down and TSVs for 3D interconnection are also increasingly
being decreased in size with continuous progress in semicon-
ductor processes. Patterning, etching and filling processes for
the TSVs encounter unprecedented challenges. Etching and
filling for TSV trenches, with increased depth-to-width ratio
due to scaling down thereof, are becoming increasingly dif-
ficult. Conventional etching and filling processes gradually
fail to meet the industrial requirements. Consequently, there
is a need for an improved TSV structure for 3D interconnec-
tion and a method for manufacturing the same, so as to meet
the requirements of the technological development.

SUMMARY

The present disclosure proposes a method for manufactur-
ing a semiconductor device, and particularly, a method for
manufacturing a 3D device formed using a TSV template
wafer.

According to an aspect of the present disclosure, there is
provided a method for manufacturing a semiconductor
device, comprising steps of: providing a Through Silicon Via
(TSV) template wafer with a front side and a back side, and
forming a number of uniformly distributed TSV holes on the
TSV template wafer through photolithography and etching;
filling a conductive material in the TSV holes; planarizing the
TSV template wafer, so that the conductive material is located
only in the TSV holes; removing portions of the conductive
material in the TSV holes from the front and back sides of the
TSV template wafer respectively through selective etching,
and then filling a dielectric material in the TSV holes and
planarizing the TSV template wafer; patterning connection
regions on the front and back sides of the TSV template wafer
to form trenches in the connection regions through photoli-
thography and etching, and filling a conductive material in the
trenches in the connection regions, to form connection parts;
and providing production wafers on the front and back sides
of'the TSV template wafer respectively and bonding the pro-
duction wafers with the TSV template wafer, to form a sand-
wich structure of the production wafer-the TSV template
wafer-the production wafer, in which the production wafers
are electrically connected through the connection parts in the
TSV template wafer and the conductive material in the TSV
holes.

According to an aspect of the present disclosure, the TSV
template wafer comprises a semiconductor wafer, which is
thinned by 2-200 nm in thickness.
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According to an aspect of the present disclosure, the TSV
holes each have a diameter of 40-200 nm, and have a spacing
between each two adjacent holes of 40-200 nm.

According to an aspect of the present disclosure, the con-
ductive material filled in the TSV holes comprises one or
more of Cu, Al, or TiN.

According to an aspect of the present disclosure, the con-
ductive material is filled in the TSV holes by immersing the
TSV template wafer in melted Al and then cooling it down.

According to an aspect of the present disclosure, the por-
tion of the conductive material removed from the TSV holes
has a thickness of 10-100 nm.

According to an aspect of the present disclosure, the
trenches in the connection regions expose the conductive
material in the TSV holes, so that the connection parts are in
direct contact with the conductive material in the TSV holes.

According to an aspect of the present disclosure, the pro-
duction wafers each have a TSV, which is larger than the TSV
hole in the TSV template wafer in size. The TSVs of the
production wafers are electrically connected to the connec-
tion parts in the TSV template wafer and the conductive
material inthe TSV holes, so that the production wafers on the
front and back sides of the TSV template wafer are intercon-
nected.

The present disclosure has the following advantages. The
TSV template wafer and the production wafers form a sand-
wich structure, in which the TSV template wafer has TSV
structures uniformly distributed therein, for providing elec-
trical connection between the production wafers to form 3D
interconnection. The TSV template wafer is obtained by thin-
ning a semiconductor wafer, which facilitates reducing the
difficulty in etching and filling. Connection parts are provided
on the TSV template wafer, for convenience of interconnec-
tion between the overlying and underlying production wafers,
which facilitates reducing the difficulty in alignment and
improving the convenience of design of electrical connection
for 3D devices.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top view showing a TSV template wafer;

FIG. 2 is a cross-sectional view showing a template wafer
with TSV holes;

FIG. 3 is a view showing filling TSVs with a conductive
material;

FIG. 4 is a view showing filling a dielectric material;

FIG. 5 is a top view showing connection regions;

FIG. 6 is a view showing etching trenches in connection
regions;

FIG. 7 is a view showing forming connection parts through
filling; and

FIG. 8 is a view showing forming 3D interconnection.

DETAILED DESCRIPTION

Hereinafter, the present disclosure is described with refer-
ence to specific embodiments shown in the attached draw-
ings. However, it is to be understood that those descriptions
are just provided for illustrative purpose, rather than limiting
the scope of the present disclosure. Further, in the following,
descriptions of known structures and techniques are omitted
s0 as not to obscure the concept of the present disclosure.

The present disclosure provides a method for manufactur-
ing a semiconductor device, and particularly, a method for
manufacturing a 3D device formed using a TSV template
wafer. A method for manufacturing a semiconductor device
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according to an embodiment of the present disclosure will be
described in detail below in conjunction with FIGS. 1-8.

Firstly, as shown in FIGS. 1 and 2 (FIG. 1 is atop view, and
FIG. 2 is across-sectional view), a TSV template wafer 1 with
a front side and a back side is provided, and a number of
uniformly distributed TSV holes 2 are formed on the TSV
template wafer 1 through photolithography and etching. The
TSV template wafer 1 comprises a semiconductor wafer, for
example, a silicon wafer, which is thinned by 2-200 nm in
thickness. With the thinned wafer, the difficulty in processes
for etching the TSV holes and subsequently filling the TSV
holes can be reduced, for the sake of smooth implementation
of the whole process flow. Further, the formed TSV holes 2
are uniformly distributed across the whole template wafer,
and run through the TSV template wafer 1 from the front side
to the back side. The holes each have a diameter of 40-200
nm, and have a spacing between each two adjacent holes of
40-200 nm.

Next, as shown in FIG. 3, the TSV holes 2 are filled with a
conductive material 3, and then the TSV template wafer 1 is
planarized, so that the conductive material 3 is located only
within the TSV holes 2. The conductive material 3 comprises
one or more of Cu, Al, or TiN. Alternatively, for convenience
of filling, the TSV template wafer 1 may be immersed into
melted Al for filling, which is cooled down to form the con-
ductive material 3.

Next, as shown in FIG. 4, portions of the conductive mate-
rial 3 in the TSV holes 2 are removed from both the front side
and back side of the TSV template wafer 1 through selective
etching. Then, the TSV holes 2 are filled with a dielectric
material 4, and the TSV template wafer 1 is planarized. The
selective etching comprises wet etching or dry etching, which
is used to remove the portions of the conductive material 3
from the TSV holes 2 to form grooves. Then, the grooves are
filled with the dielectric material 4, for example, SiO,, and
then the TSV template wafer 1 is planarized, to make the front
and back sides planar. In this way, opposite ends of the con-
ductive material 3 are enclosed by the dielectric material 4.

As shown in FIG. 5-7, connection regions are patterned on
the front and back sides of the TSV template wafer 1. Spe-
cifically, trenches 5 are formed in the connection regions
through photolithography and etching, and then filled with a
conductive material to form connection parts 6. As shown in
FIG. 5, a solid block at the top-right corner and a dotted block
at the bottom-left corner schematically show connection
regions on the front and back sides of the TSV template wafer
1, respectively. It is to be noted that the connection regions
may be specifically set according to requirements. Generally,
a single connection region covers multiple TSV holes 2. As
shown in FIG. 6, portions of the wafer, the dielectric material
and the conductive material in the connection regions are
removed through photolithography and etching, to form the
trenches 5 in the connection regions. The trenches 5 in the
connection regions should expose remaining portions of the
conductive material 3 in the TSV holes 2, so that the connec-
tion parts which are then formed in the trenches can be in
direct contact with the conductive material 3, to conduct
current. Next, as shown in FIG. 7, the trenches 5 in the
connection regions are filled with a conductive material, to
form the connection parts 6. The conductive material used for
the connection parts 6 may be the same as or different from
the conductive material 3, for example, one or more selected
from Cu, Al, and TiN.

Next, as shown in FIG. 8, production wafers 11 are pro-
vided on the front and back sides of the TSV template wafer
1, respectively, and the production wafers 11 are bonded with
the TSV template wafer 1, to form a sandwich structure of the
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production wafer-the TSV template wafer-the production
wafer, in which the two production wafers 11 are electrically
connected through the connection parts 6 inthe TSV template
wafer 1 and the conductive material 3 in the TSV holes. The
production wafer 11 also has a TSV 7, which is larger than the
TSV hole 2 in the TSV template wafer 1 in size. As the TSV
7 is larger than the TSV hole 2 in size, the difficulty in bonding
alignment is reduced. The TSVs 7 correspond to the connec-
tion parts 6 in the TSV template wafer 1, and the TSVs 7 can
be electrically connected to the connection parts 6 and the
conductive material 3 in the TSV holes 2, so that two produc-
tion wafers 11 on the front and back sides of the TSV template
wafer 1 are interconnected. In the present disclosure, the
inventive TSV template wafer is used to connect two produc-
tion wafers to form a sandwich structure. In this way, it is
possible to achieve an interconnection structure for 3D
devices in a simple and accurate manner, which is beneficial
to further improve the integration density of the 3D devices.

The present disclosure is described above with reference to
the embodiments thereof. However, those embodiments are
provided just for illustrative purpose, rather than limiting the
scope of the present disclosure. The scope of the disclosure is
defined by the attached claims as well as equivalents thereof.
Those skilled in the art can make various alternations and
modifications without departing from the scope of the disclo-
sure, which all fall within the scope of the disclosure.

We claim:

1. A method for manufacturing a semiconductor device,
comprising:

providing a Through Silicon Via (TSV) template wafer

with a front side and a back side, and forming a number
of uniformly distributed TSV holes on the TSV template
wafer through photolithography and etching;

filling a conductive material in the TSV holes;

planarizing the TSV template wafer, so that the conductive

material is located only in the TSV holes;
removing portions of the conductive material in the TSV
holes from the front and back sides of the TSV template
wafer respectively through selective etching, and then
filling a dielectric material in the TSV holes and pla-
narizing the TSV template wafer;
patterning connection regions on the front and back sides
of the TSV template wafer to form trenches in the con-
nection regions through photolithography and etching,
and filling a conductive material in the trenches in the
connection regions, to form connection parts; and

providing production wafers on the front and back sides of
the TSV template wafer respectively and bonding the
production wafers with the TSV template wafer, to form
a sandwich structure of the production wafer-the TSV
template wafer-the production wafer, in which the pro-
duction wafers are electrically connected by the connec-
tion parts in the TSV template wafer and the conductive
material in the TSV holes.

2. The method according to claim 1, wherein the TSV
template wafer comprises a semiconductor wafer, which is
thinned by 2-200 nm in thickness.

3. The method according to claim 1, wherein the TSV holes
each have a diameter of 40-200 nm, and have a spacing
between each two adjacent holes of 40-200 nm.

4. The method according to claim 1, wherein the conduc-
tive material filled in the TSV holes comprises one or more of
Cu, Al, or TiN.

5. The method according to claim 1, wherein the conduc-
tive material is filled in the TSV holes by immersing the TSV
template wafer in melted Al and then cooling it down.
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6. The method according to claim 1, wherein the portion of
the conductive material removed from the TSV holes has a
thickness of 10-100 nm.

7. The method according to claim 1, wherein the trenches
in the connection regions expose the conductive material in 5
the TSV holes, so that the connection parts are in direct
contact with the conductive material in the TSV holes.

8. The method according to claim 1, wherein the produc-
tion wafers each have a TSV, which is larger than the TSV
hole in the TSV template wafer in size. 10

9. The method according to claim 8, wherein the TSVs of
the production wafers are electrically connected to the con-
nection parts in the TSV template wafer and the conductive
material inthe TSV holes, so that the production wafers on the
front and back sides of the TSV template wafer are intercon- 15
nected.



